This study deals with TiO 2 coating of powder Mn-Zn ferrite in order to deposit photocatalytic layer on the top of these particles, forming core-shell catalyst. In this study the surface coating is obtained by using Ti alkoxides mixtures with nanosized TiO 2 particles and C and Au coating to create film layer of TiO 2 on the surface of ferrite. XRD, SEM -EDS analyses are used to study surface coating.
Introduction
Powder catalysts are of great advance over the world due to the high surface area, considering the kinetics proceeds through heterogeneous phase boundary catalysis. However their withdrawal from cleaning systems often requires energetically and economically demanding processes such as filtration and ultrafiltration. Since the ferrite is magnetic, the advantage of such formed core-shell photo catalyst is easy removal from photocatalytic decomposition system using external magnetic field. Ferrites are important technological materials with electrical and magnetic properties. They are usually non-conductive ferromagnetic ceramic compounds derived from iron oxides such as magnetite (Fe 3 O 4 ), hematite (Fe 2 O 3 ) and other oxides of metals. The common property of ferrites with ceramics is that they are hard and brittle. Their structure is described mostly as spinel with formula AB 2 O 4 , where A and B represent various metal cations, usually including Fe. [1] Mn-Zn Ferrites belong to the group of soft ferrites, which are wildly used in many applications connected with transformers and electromagnetic cores production. This could be attributed to their low coercivity which means, the materials magnetization can easily reverse direction without dissipating hysteresis losses during magnetization. Another favorable property is high currie temperature. [2, 3, 4] Photocatalytic decomposition of pollutants over TiO 2 surfaces is one of the most successful methods of treating various wastewater and gas emissions to nature. Higher the surface area of TiO 2 , higher is the photocatalysis activity. However, with reducing the size of particles presented in powder photocatalytic systems, there is higher risk of their discharge into the environment with cleaned media and methods for their separation are increasing the costs of the photocatalytic system treatment. As magnetic separation introduces low cost and high efficiency into these separation methods, there are various methods of applying TiO 2 photocatalyst on the surface of magnetic materials. [5, 6] The combinations of ferrites with TiO 2 show synergistic photocatalytic effect that produces enhanced photocatalytic activity. This is partially caused because of the photocatalytic effect of ferrites themselves, which are photo catalytically active in visible light. [7] Recently the methods of coating of relatively small particles are developed, including nano-sized core-shell structure materials with nanometer scale range [8, 9] .
Although big attempt is everywhere else done to create as small particles as possible, there are less likely studies dealing with the coating of bigger particles in macroscopic range. Still coating of such materials could be interesting considering the large scale production for industry application. This study deals with use of industrially produced Mn-Zn ferrite particles with average particle size diameter of 126 µm to create core-shell catalyst which could be capable for quickly withdrawing from cleaning system using magnetic separation. Due to its macroscopic size, there is a possibility of using such material also as irradiated filtering bed, which could be moreover fixed just by magnetic field in a cleaning system. Creating magnetically fixed photo catalytically active bed would also reduce the friction of particles in cleaning systems, therefore the common problem of core-shell catalysts consisting of their surface degradation due to the physical friction would be solved. Various approaches are discussed in this article to obtain TiO 2 film on macroscopic Mn-Zn ferrite particles from large scale industry production. Firstly, the TiO 2 coating is applied on the surface of pure Mn-Zn ferrite with mixture of nanoscale TiO 2 particles redispersed with Tetraisopropyl Titanium Oxide in Isopropyl Alcohol in order to create mesoporous structure on the ferrite surface. Another way are including sputtering of C and Au coating on the surface in order to prepare film which will serve as a crystallization place for TiO 2 . Finally the surface is characterized with SEM and EDS measurements, followed by XRD measurement of created samples.
Methodology
Mn-Zn ferrites were used as obtained from large scale industry producer. Their size distribution was measured on SYMPATEC HELOS Kr laser diffraction system in powder analysis mode. PRETIOX Pk 20 anatase nanoparticles from company PRECHEZA are used in study. Their average size diameter is 15 -35 nm and specific surface area is 70-110 m 2 ·g -1 . Sigma Aldrich Tetraisopropyl Titanium Oxide and Isopropyl Alcohol 99.5 purity were used as supplied. In each coating procedure, the equivalent of 1 g of pure TiO 2 content in Tetraisopropyl Titanium Oxide was used for sol-gel process of coating particles, which was accompanied with 0.5 g of PK 20 anatase nanoparticles when a mesoporous structure has been intended to create. For applying the C and Au coating on the surface of ferrite, the Polaron SC7640 Sputter Coater was used with Au/Pd cathode when applying Au coating and Tesla BS349 Carbon Sputter coater was used for applying of C layer. SEM analysis with EDS measurements and XRD analysis were used for characterization of prepared products.
Experimental
In each experiment the coating of ferrite was done in laboratory conditions by following procedure:
• Isopropyl Alcohol and Tetraisopropyl Titanium Oxide (TIPP) were mixed together with 5 g of ferrite particles. • The mixture was left mixing for 1 hour at room temperature • Then the temperature was increased to 80 °C and the mixture was intensively mixed to dry the Isopropyl Alcohol content. • After that the mixture was put into the oven with temperature ramp set to increment of 2 °C per minute up to 350 °C and threshold of 4.5 hours. • When the oven cooled down the coated ferrite was washed several times with distilled water and left do dry on room temperature. When a mesoporous surface was prepared, the PK 20 anatase nanoparticles were put into the mixture of Isopropyl Alcohol with TIPP and were put to ultra sonication bath for 20 minutes, then the procedure ran as described. Au, C coating of surface of ferrite was done by repeating at least 10 sputter coater sequences on 5 g of ferrite material and after that the surface was analyzed with scanning electron microscopy using ZEISS EVO LS 10 and JEOL JSM-7600F microscopes. After that, the prepared material was used in the procedure as described above.
XRD of prepared samples was done using PAN ANALYTICAL X-Ray Diffractometer with PIXcel3 d detector. Cu anode was used with 40 kV voltage.
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Results and discussion
Surface of pure ferrite is photographed by SEM on figure 1 . As could be seen, the surface is most likely flat with irregular structure and there are some dusty particles remained on the surface. Fig.1 Pure ferrite surface structure, resolution 50 000x Figure 2 is assuming the SEM analysis of pure ferrite 1, ferrite coated with TIPP 2, and mesoporous structure of Pk 20 with TIPP mixture with same resolution. The coating of ferrite was not forming sufficient film on the surface which was later confirmed by EDS measurements and XRD measurements. Using Pk20 leaded to formation of thick mesoporous structure over the particles. This spongy coating was unfortunately not fixed firmly to the Mn-Zn ferrite surface which was also proved by EDS analysis showing none to very small content on different places of particles. Example of EDS analysis of sample 2 can be seen on Sputtering of Au and C helped to formation of TiO 2 on the surface of ferrite by creating the crystallization sites, as the ferrite surface is most likely flat, as it is seen in Fig. 1 . The surface contains flakes of TiO 2 , later confirmed by XRD as anatase nanocrystalline structure on Fig. 4 .
Another effect is causing the dissolve of ferrite surface as the flat surface turned into the partly spongy surface as could be seen on Fig 2, sample 2, 3 . EDS analysis proved the surface after applying directly TIPP is containing significantly higher amount of Mn atomic content. This effect can be attributed to the reaction of TiO 2 with surface of ferrite, making Fe 3 O 4 dissolved. [10] Moreover, there was also described the effect of photo-dissolution in previous study [11] . Electronic sputtering of C and Au coatings over the ferrites provides compact structure, eliminating the direct contact of TiO 2 with ferrite surface more effectively [12] 
Fig. 4 XRD of ferrite coated samples
According to XRD measurement of samples, the anatase crystals were synthetized on the surface of ferrite particles with different crystallite size. Size was calculated using software Highscore Plus Line Particle Analysis, which is calculating the size of crystallites based on Sherrer´s formulation.
Where L is the size of crystallites, B the difference be-tween the full-width at half-maximum (FWHM) and the instrumental broadening λ is the X-ray wavelength (1.5406 nm) and K is the Scherrer´s constant which is dependent on the crystallites shape. Crystallites size of Anatase (101) Size of crystallite prepared by TIPP coating of ferrite is slightly varying due to the surface coated (60.0 -68.7 nm). When using Pk 20 TiO 2 anatase particles for mesoporous structure formation, significantly lower crystallite size (13.9 nm) is obtained. 
Conclusion
TiO 2 coating of large scale production Mn-Zn ferrite was obtained by applying the interlayer of either C or Au by electronic sputtering. Trying to apply just TIPP layer over ferrite leaded to formation of adhering lumps of TiO 2 . Sputtering of Au and C helped to formation of TiO 2 on the surface of ferrite by creating the crystallization sites. Since the perfectly flat surface of ferrite was used, the C and Au sputtering appeared to be solution for coating of similar ferrite surfaces in large scale applications.
